The integral R(t) = π + it + iϑ(t) of the logarithmic derivative of the Hardy Z function Z(t) = e iϑ(t) ζ 1 2
and ϑ(t) be Riemann-Siegel vartheta function ϑ(t)
where arg(z) = ln(z)−ln(z) 2i
and Γ(z) = Γ(z). The Hardy Z function [Ivi13] can then be written as
which can be mapped isometrically back to the ζ function
due to the isometry The Bäcklund counting formula gives the exact number of zeros on the critical strip up to level t, not just on the criticial line,
The relationship between the functions N (t), S(t), and Z(t) is demonstrated by
These formulas are true independent of the Riemann hypothesis which posits that all complex zeros of ζ(s + it) have real part s = 
The Logarithmic Derivative of Z(t) and its Integral
Let Q(t) be the logarithmic derivative of Z(t) given by
where
is the digamma function, the logarithmic derivative of the Γ function and z(t) and g ± (t) have been introduced to simplify the expressions. The function Q(t) has singularities at ± i 2 (4n − 3) with residues Res(Q(t))
and
Now, the integral of the logarithmic derivative of Z is defined by
− ln(π)t (14)
The Laplacian
The Laplacian = ∇ · ∇ = ∇ 2 is a differential operator which corresponds to the divergence of the gradient of a function f (x) on a Euclidean space x ∈ X⊂Ê d and is denoted by
and is simply the second derivative of a function when d = 1
Let G(t) be the additive inverse of the reciprocal(also known as multiplicative inverse) of the Laplacian of R(t) interpreted as a partition function
(17)
Figure 1: The Real and Imaginary Parts of R(t) compared with G(t)
Now, let H(t) be the derivative of G(t) given by
When H(t) = 0 andḢ(t) =G(t) = ∆G(t) > 0, the point t marks a minimum of G(t) where it coincides with a Riemann zero, i.e., ζ 1 2 + it = 0, otherwise when H(t) = 0 andḢ(t) = ∆G(t) < 0, the point t marks a local maximum G(t), marking midway points between consecutive minima. 
then ν(t) has zeros at the positive odd integers, zero, and negative even integers. In the same way, let
which also has zeros on the real line at the positive odd integers, zero, and the negative even integers.
Both ν(t) and χ(t) satisify similiar functional equations
So the even µ(t) and odd ψ(t) transcendental entire functions can be defined
which satisify the functional symmetries
The function χ(t) has as a subset of its roots, the roots of the Rieman zeta function ζ(t), the converse is not true, since χ(t) is a function of ζ(t) and its first, second, and third derivatives.
and ν n (t) = ν(1 + 2n + 2t)
which both satisify the symmetries
as well as
The sequence of wave functions ν n (t) converges, thanks to quantum ergodicity, to
which has a limiting maximum
and the associated differential is
It is worth mentioning that the pair-correlation function for the zeros of ζ(s) is
if the Riemann hypothesis is true. [11] The point n = 1 is where χ n − This phenomena of having the first wave function having a much larger size than all of the remainders is mentioned in [Kna99, Theorem 22] The convergence of lim n→∞ ν n (t) → ν ∞ (t) and lim n→∞ χ n (t) → χ ∞ (t) might be interpreted as a manifestation of quantum ergodicity [11 
The integral over this sine-squared kernel is 
The One-Dimensional Wave Equation
The one-dimensional wave equation is 
The Poisson Bracket and Lagrangian Mechanics
"The" Poisson bracket, expressed with Einstein summation convention (for the repeated index i)
has the antisymmetry property
and the so-called Jacobi identity 
where H is a Legendre-transformed function of the Lagrangian called the Hamiltonian
whose value for any given time t gives the energy
of the system where L(q i ,q i , t) is the Lagrangian of the system and
is an arbitrary path where q cl i (t) is the classical orbit or classical path of the system and
[Kle04, 1.1]
The Euler-Lagrange equation
The Euler-Lagrange equation d dt
indicates that the action S given by
is the Lagrangian and
is the kinetic energy which is stationary for the physical solutions q i (t).[Gan06, 4.2.1]
Quantum Mechanics of General Lagrangian Systems
The coordinate transformation
implies the relation
between the derivatives ∂ µ and
is a transformation matrix called the basis p-ad where p is the prefix corresponding to n, the dimension of x, monad when n = 1, dyad when n = 2, triad when n =3, and so on. Let 
The inverse of ∂ µ is
which is related to the curvilinear transform of the Cartesian quantum-mechanical momentum operators byp
The Hamiltonian operator for free particles is defined bŷ
where its metric tensor is given by
and its inverse by
The Laplacian of a metric tensor is then expressed
is the affine-connection 
be a continuous family of symmetries which is a 1-parameter subgroup s → α s in the Lie group of symmetries. A Lie group is a group whose operations are compatible with the smooth structure. A smooth structure on a manifold allows for an unambiguous notion of smooth function. 
Schroedinger's Time-Dependent Equation and Nonstationary Wave Motion
which relates the energies of a "matter wave" system, whatever that is, maybe a fermionic system, to the frequencies of quanta it emits or absorbs. There is always some arbitriness with choice of units. This wave function has the symmetry ∂ 2 y(x, t)
x 2 = − 2π h which has a transition probability per unit time of 
